Since dosing with paper gave a low variability in Cr,O, concentration in the faeces of hand-fed sheep (Corbett, Greenhalgh, McDonald & Florence, 1960) this type of dose was compared in field trials with Cr,O, capsules to determine whether the reliability of the grab-sampling procedure with grazing animals is increased when the paper is used.
E X P E R I M E N T A L

Management of animals
In each trial six steers or six wether sheep grazed continuously one area of pasture. Three animals were dosed with Cr,O, capsules and three with Cr,O, paper. The six steers were given a total of 40 lb hay daily at 17.00 h to supplement the sparse late-autumn grazing.
All animals wore harness and faeces-collection bags to which they had been accustomed. , for sheep and cattle respectively, the largest quantities that could readily be administered at one time by balling gun. The paper was part of a large batch made to our specifications by C.
Dosing with Cr,O,
Davidson and Sons Ltd, Bucksburn, Aberdeen. It contained approximately 33 % Cr,O, in the dry matter and was in the form of strips about 3 x 130 mm which were thoroughly mixed and allowed to reach moisture equilibrium before the doses were weighed out.
Trials
Three trials were made; in trial I the steers were dosed twice daily at 09.00 and 16.30 h, in trial 2 the sheep were dosed twice daily at 08.00 and 16.00 h and in trial 3 the sheep were dosed once daily at 08.00 h.
Trial I (steers). Grab sampling was begun at 09.00 h on the 11th day of marker administration and the animals wore faeces collection bags from this time. Twice daily at dosing times for 18 consecutive days the bags were changed and the weight of fresh faeces was determined. After thorough mixing, one-tenth portions were combined for each animal over 3-day periods. A 300 g grab sample of faeces was taken from each animal at each dosing time and these samples also were combined over 3-day periods. On the few occasions when the rectum was empty the grab sample consisted of 300 g faeces taken from the top of the faeces in the collection bag.
Trials 2 and 3 (sheep). From 08.00 h on the I Ith day of marker administration the sheep wore collection bags which were emptied at 08.00 and at 16.00 h for 15 and 18 consecutive days in trials 2 and 3 respectively. It was found that faeces were not always readily obtained from the rectum of the sheep. Instead, 30 g quantities of Vol. 17
Estimation of faeces output. I 213 after the main collections had been emptied out in the morning and evening of each day. In both trials the main collections from each sheep were combined over 3-day periods. Grab samples were also combined over 3-day periods; in trial 3 only, the morning and evening samples were separately combined.
Determination of Cr203 in faeces
The concentration of Cr,O, in the organic matter of the faeces samples was determined by a modification (Commonwealth Bureau of Pastures and Field Crops, 1961) of the method of Christian & Coup (1954) .
Statistical analysis
The error of an estimate of the quantity of faeces excreted in a given period, calculated from the concentration of Cr,O, in the fraction analysed, may be considered to have two main components. These are a long-term component resulting from the failure of marker output to equal marker intake over the period of estimation and a short-term component associated with the sampling procedure. The following nomenclature will be used in describing the errors.
The quantity of Cr,O, administered during the period over which total faeces output is to be estimated. The quantity of faeces organic matter excreted during the period. In these 
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RESULTS
In all three trials estimates of the long-term, short-term and total errors were obtained for each animal in each 3-day period. The mean values and standard deviations of these estimates are given for each animal in Table I (long-term errors), Table 2 (short-term errors) and Table 3 (total errors). In each instance the mean value estimates the bias, or constant part of the error, whereas the standard deviation estimates the random component of the error. To facilitate comparisons between different trials and animals, the means and standard deviations for each animal have been standardized by expressing them as percentages of the mean 3-day faecal output (F) for that animal.
Biases
The mean values of (F-DICE) in Table I are almost all negative, significantly so for two animals in trial I and two in trial 3, indicating that recovery of Cr203 was incomplete. The mean loss for all the animals was about 3 % and probably arose from failure to collect all the faeces. 
For details of dosing with Cr,03 see p. 212.
t P < 0.1. * P < 0.05. ** P < 0'01. *** P < 0'001.
The mean values of (D/C, -D/C,) in Table 2 must be considered separately for each trial. They show that there was some tendency for DIG', to be an underestimate of D / C , in trial I, especially for the animals given paper, so that, in relation to DIG',, D/C, would tend slightly to underestimate faecal output under the conditions of that trial. In trial 2 this feature was found in the results for two of the animals receiving paper, but the values of D/CG for the animals receiving capsules showed a large bias in the opposite direction, which would have led to faecal outputs being overestimated, on average, by about 20%. I n trial 3 , there were even larger errors when morning and evening grab samples were considered separately, and biases of the order of 10 % when the morning and evening grab-sample concentrations were averaged.
The mean values of (F-D/C,) in Table 3 are largely dependent on those of (DICE -D/C,), and follow a similar pattern.
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Random errors
The results for the steers in trial I appeared to be less variable than those for sheep in trials 2 and 3. In trial 2 the variability appeared to be less for animals given paper than for those given capsules, but it was not so in trials I or 3, except for the morning samples in the latter. Table 2 t M , grab samples taken in the morning; E, grab samples taken in the evening.
3 P < 0'1.
* P < 0.05. +* P < 0'01. *** P < 0'001.
The values of (F-DICE) were examined to determine whether the errors were correlated from one 3-day period to the next. No evidence was found of such correlation, the results appearing to be consistent with the hypothesis that the standard deviation (S,) of measurements over periods of n days, where n is greater than 3, can be estimated from the standard deviation between 3-day periods (S,) by the calculation S, = &Sz/n], applicable where observations are independent.
D I S C U S S I O N
The standard deviations of the differences (F-D/C,) given in Table 3 For details of dosing with Cr,08 see p. 212.
t M , grab samples taken in the morning; E, grab samples taken in the evening.
$ P < 0 1 . * P < 0.05. ** P < 0.01. *** P < 0'001.
concentration of Cr203 in grab samples taken at morning dosing (F-D/C,,) since the main advantages of dosing once daily, a low labour requirement and little interference with the grazing animal, are lost if it is necessary to sample more frequently or at times other than when the dose is administered. The mean standard deviation of the difference ( F -D/C,,) for the sheep receiving capsules once daily, k 241 yo, was much higher than the corresponding value of ~f: 13.2 yo obtained with sheep receiving capsules twice daily. In trial 2, Cr203 paper gave better results than capsules; variability was lower and biases were relatively small. The same is true of trial 3 if only the estimates from morning grab samples are considered, but it does not appear that a regime of dosing and sampling once daily would yield results having the accuracy and precision that Vol. 17
Estimation of faeces output. I 217 would generally be required. That the different types of dose gave different results with sheep but not in trial I with cattle is probably a reflection not of a species difference but of differences in the feeding patterns. Cr,O, is excreted more evenly in faeces when it is given in paper rather than in capsules, primarily because it has become more thoroughly mixed with digesta in, and passing from, the reticulorumen (Corbett et aZ. 1958 ). The observations of Balch et al. (1957) suggest that this difference between the two types of dose may be less marked when a large quantity of feed is consumed immediately after dosing, as happened in trial I in which the six steers were given 40 Ib hay immediately after the evening dose, a quantity that would have provided about half of their daily dry-matter intake.
It should be noted that the standard deviations of the total errors in Table 3 are considerably less than might be expected from the standard deviations of the two separate components given in Tables I and 2 . This difference is due to the two components being negatively correlated with each other on a within-animal basis.
The reason for this correlation (Y = -0.3 approximately) is obscure, but it presumably indicates that the hour-to-hour pattern of Cr,O, excretion is not stable, but changes from day to day in concert with day-to-day changes in faeces output.
The results have been examined for errors in estimates of faeces output, F, but Raymond & Minson (1955) have suggested that, when the ultimate object is to determine the herbage intake of grazing animals, the estimates of faeces output obtained from the concentration of Cr,O, in a representative sample (DIG',) may be more valid because they will be less affected than values of F by variations in the rate of passage of feed through the alimentary tract. In this instance the values for the short-term error given in Table 2 may be more relevant than those for the total error given in Table 3 .
When grab sampling is employed in trials with grazing animals it seems that with Cr,O, given by capsule or in paper it would be advisable to determine the mean bias of estimates of faeces output by harnessing some animals for the total collection of faeces. Under such a system for correcting bias the advantages of paper over capsules for controlling random error would remain unimpaired.
SUMMARY
I. In each of three trials, six steers or six sheep grazed one area of pasture continuously and wore harness for the total collection of faeces. All animals were dosed once or twice daily with standard quantities of chromium sesquioxide (Cr203), three animals in each trial receiving finely divided Cr,O, in gelatin capsules and three the Cr,O, as a component of a specially prepared paper.
2. Measured faecal output, F, was compared with the output estimated from the ratio of the Cr,O, dose to the concentration in representative samples of the faeces (D/CR) and to the concentration in grab samples of faeces taken manually from the rectum at one or two fixed times of day (D/C,). The total error of estimates from grab samples (F -D/C,) was considered to have two main components, a long-term error expressed as (F-DIG',) and a short-term error expressed as (D/C,-D/C,);
